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The movement to legalize and regulate retail marijuana is growing. We examined legislation and regulations in the first 4 states to legalize recreational marijuana (Colorado, Washington, Oregon, and Alaska) to analyze whether public health best practices from tobacco and alcohol control to reduce population-level demand were being followed.
Only between 34% and 51% of policies followed best practices. Marijuana regulations generally followed US alcohol policy regarding conflict of interest, taxation, education (youth-based and problematic users), warning labels, and research that does not seek to minimize consumption and the associated health effects.
Application of US alcohol policies to marijuana has been challenged by some policy actors, notably those advocating public health policies modeled on tobacco control. Reversing past decisions to regulate marijuana modeled on alcohol policies will likely become increasingly difficult once these processes are set in motion and a dominant policy framework and trajectory becomes established. Designing future marijuana legislation to prioritize public health over business would make it easier to implement legalization of recreational marijuana in a way that protects health. ( [2] [3] [4] [5] [6] with only limited models and empirical evidence on the health impact of possible regulations. 7 Considering health is important because legalization will likely increase consumption and associated health impacts 8, 9 -including cancer, 10 respiratory problems, 9 and cardiovascular diseases 11 -as well as mental health impactsincluding the development of schizophrenia or other psychoses, symptoms of mania and hypomania in individuals with bipolar disorders, and suicide. 9 In the short term, marijuana use has an adverse impact on short-term memory, motor control, judgment, and, for some, triggers paranoia and psychoses at high doses. 12 State laws to legalize recreational marijuana are diffusing rapidly, with 4 more states (California, Nevada, Maine, and Massachusetts) doing so in 2016. By 2017, 29 states and the District of Columbia, representing 63% of the US population, had legalized medical marijuana use and 8 states and the District of Columbia, representing 21% of the US population, had legalized recreational marijuana use. 2 This article takes a normative approach to examining implementation of recreational marijuana in the first 4 US states by comparing their implementation to public health best practices from tobacco and alcohol with the policy objective of regulating commercially legalized marijuana "as a public health priority and develop, adopt, monitor, and evaluate regulatory controls for commercially legalized marijuana that reduce and prevent the drug's use, misuse, and abuse." 13 
METHODS
We developed the "Public Health Protection Framework" (Table A, Because this article addresses a public health approach to the commercial marijuana market, it does not explore home grow and issues around the inequities associated with criminal justice enforcement of marijuana laws.
We searched state Web sites (https://www.colorado.gov; http://access.wa.gov; http:// www.oregon.gov; http://alaska. gov) beginning with "marijuana initiative," "marijuana rules," "marijuana regulations," "retail marijuana law," "administrative code," and the names of ballot initiatives (Colorado "Amendment 64," Washington "I-502," Oregon "Measure 91," Alaska "Ballot Measure 2"), followed up by using standard snowball searches informed by initial results. We also used Google and NewsBank to locate advisory committee reports and minutes, budget and strategic plans, appropriation bills, legislative hearing reports, agency advisory notices to marijuana companies, and newspaper articles to assess how state officials, public health, and industry representatives influenced regulatory outcomes. Searches primarily focused on documents produced between November 2012 and December 2016.
RESULTS
The policy trajectory established in Colorado 46 in 2012 set the stage for subsequent debate and decisions to be filtered through an alcohol policy lens in the other 3 states. The idea to "regulate marijuana like alcohol" was written into the ballot initiatives of Colorado and Alaska and shaped policy development in those states. 46 (Table A) .
Supply-Side Policies
Supply-side interventions of marijuana were broadly shaped by the 2013 US Department of Justice Cole Memorandum, 52 which states that the federal government would only intervene in states that failed to prevent criminal involvement in the market, sales to youths, and illegal diversion to other states. The language in the individual state initiatives and the associated political campaigns signaled regulators to apply supply-side interventions to marijuana based on existing alcohol policies. In particular, all 4 states instituted market-based licensing systems to regulate private commercial activity, established a minimum legal purchase age of 21 years, and implemented track-and-trace systems to monitor distribution and minimize illegal diversion.
State monopolies over alcohol sales are associated with lower consumption. 39, 49, 53, 54 Nevertheless, in Colorado, the Amendment 64 Implementation Task Force made the early decision to not establish a public monopoly over marijuana production and sales, because doing so would not meet the "spirit" of the initiative's intent for the state to regulate "private commercial activity." 55 The decision to institutionalize a marketbased system for marijuana, rather than a public monopoly, was subsequently reproduced in Washington, Oregon, and Alaska.
Although all of the states have set a minimum age to purchase and possess recreational marijuana at 21 years, none have required stateof-the art age-verification systems or strong merchant-education programs needed for effective enforcement of comparable laws for tobacco. Only Washington has a program of unannounced compliance checks, which are needed to ensure compliance with minimum-age sales laws for tobacco and alcohol.
Demand-Reduction Policies
Advertising and marketing. The alcohol 56 and tobacco 57, 58 industries promote ineffective self-regulation through voluntary codes to avoid effective legal restrictions. In particular, the US alcohol industry's voluntary advertising code commits companies not to advertise in outlets (i.e., print, television, radio, and the Internet) in which more than 30% (roughly the proportion of the population aged 2 to 20 years) of the audience is "reasonably" expected to be aged younger than 21 years. 59 In 2013, the Colorado Department of Revenue codified the alcohol industry's voluntary code into its regulations for marijuana marketing, permitting advertising and marketing, including event sponsorship (e.g., sporting events and concerts) at which less than 30% of the audience is aged younger than 21 years.
60,61
Consistent with public health best practices, in 2016, the Oregon Retail Marijuana Scientific Advisory Committee (formed by the Oregon Public Health Division) recommended that regulators broaden marketing restrictions to include sports and other sponsorships. The Committee also recommended using an audience threshold for minors of less than 15% (the fraction of the US adolescent population 62 ) for all marketing to avoid "programming for the general population [reaching] most teens." 63 Despite this recommendation, the Oregon Liquor Control Commission adopted the same marketing regulations as Colorado.
64
Price and tax policies. Public health-oriented price strategies keep prices high to discourage consumption and cover the external costs of commercial sector activity. Although the 4 states tax retail marijuana, rates were not set at levels designed to discourage consumption or even cover the full external costs of each state's new commercial market. Instead, the states set tax rates to compete with the illicit market and generate revenue. Legislators in Colorado, 65, 66 Washington, 67 and Oregon 68 reduced marijuana taxes shortly after legal sales went into effect on the basis of the claim that legal marijuana prices needed to be competitive with the illicit market. As of December 2017, none of the 4 states had proposed increasing taxes or establishing pricing regulations to reduce marijuana demand.
Prevention and control programs. State regulators chose marijuana education programs that prioritize preventing and reducing youth use and educating adults on marijuana laws, safe storage practices, and responsible adult use, not broad demand reduction to protect public health (Table 1) [73] [74] [75] Washington and Alaska included messaging on increased risks of dropping out of school and increased risk of depression, anxiety, psychosis, or other mental illnesses. 72, 73 Colorado, 76 Oregon, 77 and Alaska 78 educated pregnant women on the risks of marijuana use on neonatal development.
Rather than discouraging population-level use on the basis of public health best practices, messages cautioned adults, particularly new users, to "be safe and sensible" when using new or highly potent products. 79 Colorado 80 and Washington 81 collaborated with the marijuana industry to develop these messages. Without funding to develop its own education campaign, the Alaska Health Department reproduced messages from Colorado marijuana education campaigns online. 82 Colorado, Washington, and Alaska included limited information on health risks of marijuana use for adult consumers related to risk of cancer, addiction, and mental health issues. Colorado, Washington, and Oregon also included messaging on preventing secondhand marijuana smoke exposure because marijuana smoke contains the same chemical toxins as tobacco, but targeted these messages to children and pregnant women rather than the general population. 73, 76, 78 In 2016, the Oregon Public Health Division recommended that the legislature implement a comprehensive marijuana prevention and control program aimed at the general population by using the Centers for Disease Control and Prevention best practices for tobacco control. 63 As of December 2017, the Oregon legislature had not acted on this recommendation.
Monitoring 86 In this case, health agencies used the opportunity to define "public use" as a mechanism to protect nonsmokers from exposure to secondhand marijuana smoke, resulting in a prohibition of marijuana social clubs in Washington 43 and inclusion of marijuana in Oregon's smoke-free air law.
Local control. Except for Oregon, localities are permitted to enact stricter regulations of the marijuana market than provided by state law. Product regulation. The limited scientific base and lack of national standards has forced the states to develop their own product standards. 2, 7 In 2013, the Colorado Amendment 64 Task Force (which included industry representatives) recommended that potency limits not exceed 10 milligrams of tetrahydrocannabinol (THC) per serving size and 200 milligrams of THC per package. 55 The legislature adopted part of the Task Force's recommendation, requiring that marijuana products contain no more than 10 milligrams of THC per serving and marijuana packages contain no more than ten 10-milligram servings (or 100 mg) of THC per package. Washington subsequently copied Colorado's regulations.
In Alaska, the Marijuana Control Board (part of the Department of Commerce, Community, and Economic Development) that determines product regulations, including potency limits, generally followed Colorado and Washington. Through the public comment process, however, the health department recommended a serving size of 5 milligrams of THC and a limit of 10 servings per package for edibles, which the Board adopted.
In contrast to the other 3 states, the Oregon legislature granted the Oregon Public Health Division rulemaking and enforcement authority over serving size and THC concentration, marijuana testing, and labeling content and design. Concern that inadequate product regulations and labeling may have contributed to increased marijuana-related calls to the poison control center in Colorado (from 44 in 2006 to 227 in 2015 87 ) and in Washington (from 111 in 2010 to 199 in 2014 88 ) allowed Oregon policymakers to alter policy trajectories to prevent health harms. Based on recommendations by the Oregon Scientific Advisory Committee to take a precautionary approach, the Public Health Division adopted regulations limiting maximum THC levels to 5 milligrams per serving and 50 milligrams per package for retail marijuana products. 89, 90 The Public Health Division also limited THC levels in concentrates, extracts, tinctures (250 mg/container), and topicals (6% THC concentration per container). 91 Packaging and warning labels. Table 2 ). As of December 2017, none of the states required pictorial warnings or standardized packaging based on international tobacco health warning label best practice to deter use. 97 The Oregon Public Health Division developed rules for marijuana labeling and warning labels, providing an opportunity to propose alternative policies to those adopted in Colorado and Washington, where state liquor control boards developed labeling rules.
Health agencies in
Although all 4 states prohibit marijuana companies from making false or misleading claims on marijuana packages, only Oregon requires health claims to be . . . supported by the totality of publicly available scientific evidence (including evidence from well-designed studies conducted in a manner which is consistent with generally recognized scientific procedures and principles), and for which there is significant scientific agreement, among experts qualified by scientific training and experience to evaluate such claims.
98
In addition to false or misleading health claims, the Oregon labeling law specifically prohibits labels that are "attractive to minors," including . . . cartoons, designs, brands, or names resembling non-cannabis products typically marketed to minors, symbols or celebrities used to market products to minors, images of minors, and words that refer to products commonly associate with or marketed by minors.
Consequences of marijuana-related possession charges

98
Colorado, Washington, and Alaska use vague health risk statements, age restriction (i.e., legal for those aged 21 years and older), risks to pregnant women, risks of driving under the influence, and activation time for marijuana edibles ( Table 2) . These warnings are modeled on the alcohol industry's voluntary code, which current research suggests is not effective in preventing problematic alcohol use.
99,100
The National Institutes of Health recommends health warnings be no more than 10 to 15 words long and use language at a sixth-grade reading level or lower to ensure readability across a wide array of socioeconomic backgrounds. 95 Only Oregon designed warning statements suitable for low-literacy children and adults 96 ( Table 2) . None of the states require health message content to rotate or be regularly updated as new scientific evidence becomes available to prevent "burn out" of outdated warning labels.
DISCUSSION
These findings are broadly consistent with less systematic studies of state marijuana regulations, which found that the dominant policy framework in the 4 states is to "regulate marijuana like alcohol" [101] [102] [103] and an analysis of Colorado and Washington that, while favoring public health, favors the practical over the ideal. 2 By contrast, this analysis is a normative analysis of the policies in the 4 states against public health best practices without regard for the politics that led to these laws.
The dominant policy framework in the 4 states, established through the language of ballot initiatives and legalization campaigns, does not follow public health best practices for tobacco and alcohol control from international and national authorities (Table A) . Rather, despite the many other models available for legalization, 7 it is assumes a private for-profit model, which may make some public health policies "impractical."
2,7 The decision to model marijuana regulations on US alcohol policies (which generally do not follow public health best practices) resulted in several similarities across both policy regimes: d A focus on preventing youth access and use, illustrated through the same minimum legal age of purchase for marijuana and alcohol with limited and ineffective controls on advertising and promotion; The same thematic content for education campaigns and warning labels, which provide factual information on harms of use yet promote consumption as an adult activity (a "forbidden fruit" message that may inadvertently encourage use among youths); Note. FDA = US Food and Drug Administration; NIH = National Institutes of Health; X = a provision was not included in the regulatory framework for health warning content or design.
Source. State of Colorado, 92 Washington State Liquor and Cannabis Control Board, 93 , and Oregon Public Health Division. Lack of attention to demand-reduction policies, particularly taxation, as mechanisms to counter the external costs of corporate activities such as increased consumption.
In a few cases, health agencies were able to insert public health best practices into regulatory debates, which allowed health departments and medical experts on regulatory advisory committees to incorporate the more public health-oriented tobacco framework into public usage, some warning labels, and approaches for potency limits in ways favorable to public health.
In cases of uncertainty, policymakers seek knowledge from communities of experts for solutions to highly technical issues. 104 , 105 This appears to be the case with marijuana dosage, labeling, and pesticide regulations, in which policymakers, without federal guidance on how to develop highly technical aspects of regulation, relied on knowledge from the marijuana industry. It is uncertain what the long-term consequences of such interactions will be given the adverse outcomes that could result from recommendations by these vested interests. Best practices from tobacco control indicate that those with a financial interest should not be considered authorities for forming or evaluating marijuana policy. Health authorities could use FCTC Article 5.3 19 to challenge marijuana industry involvement in the policy process while also pursuing conflict-of-interest management policies.
Limited Federal Engagement
Because the federal government continues to list marijuana as a Schedule I drug under the Controlled Substances Act, the federal government has played only a limited role in research, consensus discussions, or administrative approaches to a regulated marijuana market framework. Thus, local action at the state and community levels will determine both the legislative and regulatory agendas. However, at least in the first 4 states that have legalized recreational marijuana, neither state governors nor legislators have developed the legalization legislation. The limited federal engagement also makes it more difficult to include marijuana in the existing monitoring and surveillance data systems. This situation leaves the surveillance burden largely on the states with limited resources, which further hinders effective regulation.
Implications of a Corporate Market
Economic interest to grow the market has been important in shaping marijuana policy change 7 in the 4 states analyzed in this article. However, from a public health perspective, lessons from tobacco, alcohol, ultra-processed foods, and pharmaceutical companies illustrate the risks of corporate domination of the market, whereby corporate interests actively weaken and prevent public policies that would erode sales and profits. 106 A noncommercial approach to marijuana could include a government monopoly over production and sales 7, 39, 49, 53, 54 with an emphasis on reducing demand at the population level, a prohibition on marketing and promotional activity, and the use of taxes to reduce consumption and cover the external costs of the marijuana industry.
Health advocates can challenge the idea to "regulate marijuana like alcohol" in future marijuana legalization campaigns by providing the historical context of alcohol policy formation, the alcohol industry's participation in shaping regulatory outcomes, and associated adverse effects on public health. Health advocates could also use literature on tobacco 107-109 and alcohol 62, 110 industry marketing strategies and their impact on youth use to explain the inadequacy of marijuana advertising regulations in terms of protecting public health. Reversing past decisions to regulate marijuana like alcohol will become increasingly difficult once these processes are set in motion and a dominant policy narrative and trajectory become established.
There were several key areas in which health departments failed to challenge the applicability, in terms of protecting health, of alcohol policies to marijuana, allowing for the institution of alcohol industry voluntary codes for marijuana regulations, including publicprivate partnerships, marketing restrictions, campaign messaging themes aimed at youths, and inadequate health warning labels.
Probably the most difficult area in which to apply global best practices from tobacco control to marijuana is in the area of advertising restrictions. The 2014 American Public Health Association Policy statement on marijuana observed the following:
Current First Amendment protections for corporate speech would likely prevent advertising regulations aimed at adult consumers but would allow restrictions on advertising aimed at adolescents and children. The other two criteria should be demonstrated to exist for the marijuana market in order for the states to be marked down as failing to have them in place. 13 The fact that marijuana remains illegal under federal law, however, may provide states with more latitude to restrict advertising.
The failure of nongovernmental health organizations to play an active role in marijuana policy discussions has undermined the ability of health departments to respond to potential health threats and possibly ceded debate to expertise from marijuana advocacy groups and commercial interests.
Conclusion
The lessons from the US experience in implementing legalized recreational marijuana, despite their shortcomings from a public health perspective, are valuable in that they demonstrate how early ideas and policy decisions can provide both advantages and challenges in future marijuana policy debates. The idea to "regulate marijuana like alcohol" embodied in legalization legislation permeated the regulatory design, aims, and strategies of marijuana policy regimes in 4 US states. For health advocates and researchers interested in policy change both within and outside the United States, the processes of problem identification, agenda setting, policy formation, and implementation may provide opportunities through consistent and active participation in policy debates to reorient policy toward noncommercial approaches to marijuana. In particular, designing marijuana legislation that prioritizes public health over business interests would make it easier to implement legalization of recreational marijuana in a way that prioritizes public health.
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